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METHOD OF DEACTIVATING DUST MITE ALLERGENS 

The present invention relates to a method of 
deactivating dust mite allergens. 
5 Various allergens are known which are transported 

through the air to trigger a human reaction. For 
example, it has been known for a long time that house 
dust can trigger allergenic reactions in humans, such 
as asthma and rhinitis. It was reported, as early as 

10 1928 that it was the dust mites in the dust that were 
the primary source of the allergenic response, but it 
was only in the 1960's that researchers appreciated 
it s s ign i f ican ce . 

It is believed that the faeces of the house dust 

15 mite, Dermatophogoides farinae (known as Der-f) and 
Derma tophago ides pteronyssinus (known as Der-p) 
trigger the immune response of the body, thereby 
giving rise to well known allergenic symptoms. A 
review of this is given in Experimental arid •Applied 

20 Acarology, 10 (1991) p. 167-186. 

One way to overcome these allergenic responses 
has been to vacuum clean surfaces, such as carpets, 
that contain the dust mites and their faeces throughly 
and often, but that is both time consuming (it has to 

25 be regularly done to ensure an allergenic free. 

environment) and is very dependant on the efficiency 
of the vacuum cleaner and filter bag used, e.g. micron 
filter bags or two layer vacuum bags. 

An. alternative method of creating an allergen- 

30 free environment has been to denature the allergen, 
for example, by using an allergen denat.urant applied 
to airborne allergens by means of an aerosol spray 
device. Such a device produces an aerosol spray when 
activated and this spray may be targeted at any space 

35 which is to be treated. 

The allergens to be treated are airborne 
particles and the use of a known aerosol spray device 
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results in a low collision rate between the allergen 
denaturant and the airborne* allergens . The practical 
consequence of such a low collision rate is that the 
allergen denaturant must be. used in a high amount in 
order to be effective. There may be. other con- 
sequences such as, in the case where the aerosol spray 
composition includes a perfume or fragrance, a strong 
perfume smell or a limited fragrance choice.. 

PCT/GB98/02863 describes a method for 
deactivating allergens derived from the Der-f and /or 
Der-p dust mite species, which comprises contacting 
the allergen with a deactivating amount of one or more 
of a variety of 28 deaetivants as described. The 
deaetivants which are specified for use include 
cedarwood oil, hinoki oil and thymol (6~isopropyl-m^ 
cresol) . 

We have now discovered a group of novel allergen 
denaturants for the house dust, mite Der-p allergen 
which are derived from natural oils and can be - 
delivered as a vapour to deactivate the allergens. 

Accordingly, the present invention provides a 
method of deactivating a Der-p and/or Der-f allergen 
which comprises volatilizing into a space to be 
treated a deactivating amount of a volatile oil 
selected, from cajeput oil (tea tree oil) or an oil 
comprising one or more terpene hydrocarbons. 

Suitable oils comprising one or more terpene 
hydrocarbons which may be -used in the present 
invention are those which are generically referred to 
as pinol such as these sold under the names Unitene D 0 
and. Unitene LE° (Bush Boake Allen) . The main 
component of both Unitene D and Unitene LE comprise 
limonene as its major constituent. Unitene D contains 
significant quantifies of cineole and te.rpinolene, 
whilst Unitene LE contains significant quantities of 
terpene alcohols. 

Cajeput oil, which is generally known as tea tree 
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treated. 

A method and apparatus for dispersing a volatile 
composition, such as a volatile oil, is described in, 
our PCT Application No. PCT/GB99/04312 . 
5 It will be understood that in order to obtain the 

desired level of the volatile oil evaporated into a 
room, the rate of evaporation of the oil will need to 
be taken into account, the surface area across which 
the volatile oil is evaporated and the ion wind speed. 

10 Higher ion wind speeds will provide faster evaporation 
of the volatile components and thus the surface area 
across which the volatile oil is evaporated will need 
to be adapted to the air flow speed. 

The benefit of charging the molecules of the 

15 volatile oil using an ion wind is two fold. The 

individual molecules are attracted as the allergen 
particles and, since all of the molecules have the 
same polarity charge, they are repelled one from 
■ another. Accordingly, the molecules tend to spread 

20 out to a great extent as compared tp uncharged 
molecules . 

Allergen particles are normally electrically 
isolated from their surroundings and will typically be, 
at a potential which is the same as that of their 

25 surroundings. An isolated allergenic particle within 
a cloud of electrically charged molecules is likely to 
cause distortion of the electrical field so that the 
attraction of the charged -molecules onto the allergen 
particle will be enhanced. 

•30 The volatile oil may be used as such, or may be 

presented in the form of an emulsion. Generally, the 
emulsion will be an oil-in-water emulsion comprising 
up to 5% by weight of the oil. The formation of 
emulsions is generally well known in the art and is 

35 described, for example, in Modern Aspects of Emulsion 
Science, edited by Bernard P. Binks, The Royal Society 
of Chemistry, 1998 and Surfactant Science and 
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■An appropriate allergen denaturing effect can be 
obtained in accordance with the method of the 
invention by burning in a room of volume 25 to 30m 3 a 
candle of we.ight approximately 150g before testing 
5 containing 5% by weight of the volatile oil for a 
period of 5 hours. The amount of the volatile oil 
which is released from the burning candle can, be 
calculated by weighing the candle at 1 hour intervals. 
The length of time for which the candle is burnt 

10 in the space to be treated will generally be for up to 
2 hours, generally up to 5 hours, although in some 
circumstances the candle may be burnt for a longer 
period of time, such as 10 hours or more. However, it 
will be understood by those skilled in the art that an 

15 allergen denaturing effect will be obtained even if 

the candles containing the selected volatile oils are 
burnt for a lesser period, of time. 

The volatile oil may also be delivered by means 
of a nebuliser in which oil is floated on the surface 

20 of water in the nebuliser, or is provided as an oil- 
in- water emulsion in the nebuliser. The nebuliser 
comprise a piezo-ceramic element, which vibrates in the 
liquid (at 2-5 MHz) and a plume of liquid is generated 
by ultrasonic streaming. A dense cloud of very small 

25 droplets (<5^m) is then expelled from the surface of 

the liquid. A fan may be used to assist the expulsion 
Of the nebulis.ed droplets from the vessel . 

The present invention will be further described 
with reference to the following Examples. 

30 

Control Pre- treatment Allergen Level 

When using house dust for allergen denaturing 
tests an inherent difficulty is the variability of the 
amount of allergen in each small sample, even when 
35 taken from the same dust reservoir. The amount of 
dust in the pre-treatment sample must be accurately 
estimated in order to determine the extent of any 
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allergen denaturing. In these tests the dust sample 
was applied to the test exposure surface and then one 
half of this surface dust was removed to measure the 
control pre-vtreatment allergen level of that specific 
5 sample, Each control was directly relevant to each 
sample, which gave the best possible estimate of the 
level of allergen in the sample before exposure to 
possible denaturant . 

The following Examples all measure the reduction 
10 of the house dust mite (Derma tophagoides 
pteronyssinus) allergen - Der pi. 

EXAMPLE 1 

15 Hou§e dust was passed through a number of sieves 

and the fraction smaller than 53 micrometres was 
collected. 0 . Ig of dust was placed in a small sieve 
to distribute it evenly oyer the test surface. The 
test surface was ah aluminium tray 0.6m x lm. The 

20 dust was applied to the tray by moving the sieve 

continuously over the surface. One half of the dust 
was then removed by suction onto an in-line filter and 
the weight recorded, this was the pre- treatment 
control. The tray was then placed in a plastic lined 

25 booth 0.8m x 0.8m x 1.5m. An oil burner containing 
800^1 of the test sample floated on 6ml of distilled 
water was placed in the booth, and the booth was 
sealed. The oil burner candle was lit and allowed to 
burn until all the liquid had been vaporised (approx. 

30 1 hour) . The candle was then smothered and the dust 
was left exposed in the booth. After 24 hours, the 
tray was removed, the dust was collected from it and 
its weight recorded. The booth was washed with strong 
detergent between tests on the same chemical; the 

35 booth lining was changed between test chemicals. 
Test samples evaluated were: 
Hinoki Oil (comparative) 
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Citronella Oil (comparative) 
Tea Tree Oil 
Pinol (Unitene D) 
Pinol (Unitene LE) 
5 The test samples were assayed for Der pi using an 

EL ISA (Enzyme linked immunosorbent assay) to determine 
the allergen content. This was then related to the 
weight of dust that had been present in each sample. 
All of the samples were multiplied up to compare the 

10 amount of allergen expected to be present in a O.lg 

sample of dust. The percentage difference between the 
control sample and the exposed sample was then 
obtained and is presented in Figure 1. 

The difference in the amount of allergen 

15 reduction after exposure to any of the volatile oils 
released from the oil burner when compared to the 
inherent loss in sampling was significant when 
compared in a two-tailed t-test. Therefore, in 
conditions of the test, exposure to the above oils 

20 released from an oil burner resulted in a significant 
reduction in the allergen contained in the dust 
samples . 

EXAMPLE 2 

25 House dust was passed through a number of sieves 

and the fraction smaller than 53 micrometres was 
collected. O.lg of dust Was placed in a small sieve 
to distribute it evenly over the test surface. The 
test surface was an aluminium tray 0.6m x lm. The 

30 dust was applied to the tray by moving the sieve 

continuously over the surface. One half of the dust 
was then removed by suction onto an in-line filter and 
the weight recorded, this was the pre-treatment . The 
tray was then placed in a plastic lined booth 0.8ru x 

35 0.8m x 1.5m. 

For control tests dust was distributed on the 
tray, the pre-treatment control collected. and the dust 
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left in the booth for 24 hours. The tray was then 
removed, the dust was collected from the tray and 
weighed. In subsequent tests 800/il of volatile oil 
was added to 150ml of distilled water in the 
5 nebuliser. The tests were then completed as in the 
control tests. The booth was washed with strong 
detergent between tests. The samples evaluated were: 
Tea Tree Oil 
Pi net! (Unitene D) 

10 Pinol (Unitene LB) 

The collected dust samples were assayed for Der pi 
using an ELISA to. determine the allergen content. 
This was then related to the weight of dust that had 
been present in each sample. All of the samples were 

15 multiplied up to compare the amount of allergen 

expected to be present in a O.lg sample of dust. The 
percentage difference between the control sample and 
the exposed sample was then obtained and is presented 
in Figure 2. 

20 The difference in the amount of allergen 

reduction after exposure either tea tree oil or 
Unitene D released from the nebuliser when compared to 
the loss in sampling control was significant (P<0 . 05) 
when compared on a two tailed t-test. Therefore, in 

25 the conditions of the test, exposure to either tea 
tree oil or Unitene D released from a nebuliser 
resulted in a significant reduction in the allergen 
contained in the dust samples. 

30 EXAMPLE 3 

Dust was collected from vacuum cleaner bags and 
passed through a series of sieves down to 53 microns. 
Clean petri dishes were labelled with the chemical to 
35 be tested and lined with filter paper. 0. 3g of dust 
was added to each dish and spread evenly over the 



WO 01/76371 PCT/GB01/01572 

- 10 - 

filter paper. O.lg of dust was then removed from the 
filter paper for a control sample. The remaining dust 
was then redistributed evenly over the filter paper. 
2 . 4 g +/- 0.2g of test chemical was sprayed onto the 
5 dust sample. The dust sample was left open to the air 
until the filter paper was dry. The dust was 
collected into eppendorfs and the weight of dust 
recovered was measured. 1ml of 1% Bovine Serum 
Albumin - Phosphate Buffered Saline - Tween (BSA-PBS- 

10 T) was added to the control samples. 1ml of 5% BSA- 
PBS-T was added to the test samples. The samples were 
left overnight in the fridge and then centrifuged for 
5 minutes at 13 , 000 rpm. The supernatant was pipetted 
into an eppendorf for assay by Der pi ELISA. 

15 The test liquids were: 

Distilled water 

2% Tea Tree Oil in distilled, water (Plus 0.1% Tween) 
2% Citrdnella Oil in distilled water (Plus 0.10% 
Tween) ; r- 

20 1% Thymol in distilled water (Plus 0.8% Tween) 

2% Hinoki Oil in distilled water (Plus 0.1% Tween) 
2% Tannic Acid 

5 Replicates were completed for each test liquid.. 
The allergen content of the controls for each 

25 replicate was compared with the test sample allergen. 
The percentage reduction in allergen between the 
control and the test was determined for each 
replicate. The average allergen reduction of all 5 
replicates is presented in Figure 3-. 

30 The water tests showed an average allergen 

reduction of 34.2%. The addition of Tea Tree Oil to 
the dust reduced the allergen by another 29.6%, the 
difference was significant when compared on a t test 
(t=4.08). Thymol reduced the allergen by 23.6% more 

35 than the water alone tests, the difference was 

significant when compared on a t test (t= 3.3). The 
addition of tannic acid to the dust reduced the 
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allergen by an average of 99.15% in the tests 

When taking the reduction of allergen in the 
water samples into account, some of the test liquids 
still significantly reduced the allergen content in 
5 the dust samples. Tannic acid was used as a positive 
control as it is known to denature allergen, and its- 
effect was recorded in the tests. Tea tree oil 
significantly reduced the allergen content in the dust 
samples . 

10 

EXAMPLE 4 

Method 

The tests were completed in 28m 3 test rooms with 
no windows and a door that was closed throughout the 

15 duration of the test.. The rooms did not contain any 
furniture and had easily cleaned floors of non- 
reactive resin. Six test areas 0.7 x 0.7m were marked 
out on the floor of each room with tape. Each test 
area was divided into two halves. Test dust had. been 

20 obtained from household vacuum cleaner bags. House 
dust was passed through a number of sieves and the 
fraction smaller than 53 microns was collected. O.lg 
of dust was placed in a small sieve to distribute it 
evenly over the test surface. The dust was applied by 

25 moving the sieve continuously over the surface. Dust 
was removed .from half of each of the 6 test areas by 
suction of 201/min through an in-line glass fibre 
filter (2. 5cm diameter) and the weight recorded. 
These were the pre-treatment controls. The selected 

30 test candles of approximately 150g before testing were 
lit and placed in the rooms for 5 hours. The candles 
were then smothered and the dust was left exposed in 
the rooms for 16 hours. The dust was then collected 
as for the controls and weighed. 

35 The collected samples were assayed by Der pi 

EL ISA to determine the allergen content. This was 
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then related to the weight of dust that had been 
present in each sample. All the samples were 
multiplied up to compare the amount of allergen 
expected to be present in a O.lg sample of dust. The 
5 percentage differences between the control samples and 
the exposed samples were then obtained and presented 
in Figure A . 

During the 5 hour burn period approximately 27g 
of each of the candles was burnt. For candles B and C 
10 detailed below this equated to a release rate of 270 pi 
of essential qil per hour. 
Tests completed were: 

Test Description 

15 A Unfragrahced candle, room relative humidity (rh) 
B 5% w/w Tea Tree oil candle, room rh 
C 5% w/w Unitene LE candle, room rh 
M No Treatment, room rh 

The room rh recorded during the tests was between 

20 50 and 57%. 

Results 

It can be seen from Figure 4 that there is a 

significant reduction (E<0.05) Der pi allergen content 

25 of dust exposed to both the tea tree oil (36.5%) and 

Unitene LE (30.6%) candle as compared to the no 

treatment control (t= 3.19 and 2,38 respectively), 

* 

Discussion 

30 The results indicate that a significant reduction 

in allergen can be achieved in a room environment by 
burning candles containing either tea tree oil or 
Unitene LE for 5 hours. 
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EXAMPLE 5 

Method 

British (containing Per pi) or American 
5 {containing Der f 1) house dust was passed through a 
number of sieves and the fraction smaller than 53 
microns was collected. 0 . lg of dust of the selected 
origin was placed in a small sieve and distributed 
evenly over the test surface. The test surface was an 

ID aluminium tray 0.6m x lm, which could be easily 

cleaned with strong detergent . The dust was applied 
to the tray by moving the sieve continuous Iy over the 
surface. Half of the dust was then removed by suction 
of 20L/min through an in-line glass fibre filter 

15 (2 i 5cm diameter ) and the weight recorded . This was 
the pre-treatment control. The tray was then placed 
in a plastic booth 1 x 0.7m x 0.7m. 

The candle to be tested of approximately 150g 
weight was placed in the booth.. The candle was lit and 

20 the booth door closed. After approximately 2 hours 
the temperature and humidity in the booth was 
measured; the candle was allowed to burn for a total 
of 5 hours. The candle was then smothered and the 
dust was left exposed in the booth for 17 hours. . The 

25 tray was then removed and the booth ventilated. The 
dust was vacuumed from the tray onto a filter and 
weighed. 

Test candles evaluated were: 
30 Control candle 

5% Tea Tree Oil candle 

5% Pinol (Unitene LE) candle 



35 



Six single exposure replicates were completed for 
each candle. The collected samples were assayed by 
Der pi or Der fl ELISA to determine the allergen 
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content. This' was then related to the weight of dust 
that had been present in each sample. All the samples 
were multiplied up to compare the amount of allergen 
expected to be present in a O.lg sample of dust. The 
5 percentage difference between the control sample and 
the exposed sample was then obtained. 

The results for Der pi are presented in Figure 5 
and the results for Her fl are presented in Figure 6. 

The reduction of Der pi allergen concentration in 
10 the cbast was significant after exposure to either the 
tea tree oil or Unitene LE candles and the reduction 
in Der fl allergen concentration in the dust was 
significant after exposure to the tea tree oil candle. 

15 EXAMPLE 6 

The general procedure of Example 5 was repeated 
but with three repeated exposures to a candle 
containing 5% tea tree oil burnt for f iv,e hours (i.e. 

20 total 15 hours burn) as compared to a single exposure 
to a candle containing 5% tea tree oil burnt for 5 
hours or to a control candle. Six replicate 
experiments were completed. 

The results are given in Figure 7. It will be 

2.5 noted that repeated exposure further reduces the Der 
pi allergen concentration of dust on a surface, 

EXAMPLE 7 

30 Experiments were completed using the same method 

as described in Example 5 except that dust samples 
were exposed in each booth at the same time. 0. 025g 
of dust was distributed evenly over a 0.32m 2 aluminium 
tray. Half of this was then removed as a control.. 

35 sample as described in Example 5. The tray was placed 
in the booth. 5 other trays were prepared in this way 
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and placed in the booth. The 6 trays containing the 
test dust samples were exposed in the booth to a 5 
hour burn of the selected candle. The trays were left 
exposed in the booth for a further 17 hours, the test 
5 dust samples were then collected and assayed by the 
appropriate EL ISA. Figure 8 show a comparison of the 
% Der. pi allergen reduction after exposure to clear 
gel candles containing 0% (control) or 5% tea tree 
oil. 

10 The reduction of allergen concentration in the 

dust was significant after exposure to the gel candle 
containing tea tree oil. 

EXAMPLE 8 

15 

Experiments were completed using the same method 
as described in Example 4. However, instead of 
burning a candle f a nebuliser was used to deliver the 
volatile oils. 

20 The ultra-sonic jet nebuliser used in Example 2 

was. used in these room tests. When the nebuliser was 
activated a jet of cold, ultra- fine mist was expelled 
from the top of the res.ervoir . Tests were completed 
with 5ml of either tea tree oil or Unitene D floated 

25 on top of 150 ml deionised water in the nebuliser. 

The nebuliser was activated for 3 hours. It is 
not known exactly how much of the volatile oil was 
released as some of the water /oil mixture remained in 
the nebuliser at the end of the test. Controls were 

30 completed with deionised water alone in the nebuliser. 
The results are given in Figure 9. 

There was a significant reduction of the allergen 
content of the dust after exposure to the tea tree oil 
or Unitene D. 
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EXAMPLE 9 



Experiments were completed as detailed in Example 
1, but with American house dust. Test dust samples 
5 were exposed to oil burners in small booths containing 
800/zl of tea tree oil floated on 6ml of distilled 
water. These were compared dust lost in sampling. 
Dust samples were collected after 24 hours and assayed 
by Der fl EL ISA. The results are given in Figure 10. 
10 -There was a significant reduction of the allergen 

content o;f the dust after exposure to the tea tree 
oil . 

EXAMPLE 10 



15 Experiments were completed using the same, method 

as described in Example 4. However, instead of 
burning a candle oil burners were used to deliver the 
tea tree oil. 

Two types of oil burners were used ir> the tests. 

20 Small oil burners were used in the small booth tests 
(detailed in Example 4) arid in one of the test room 
tests. The oil burners were ceramic with a small dish 
with a 15ml capacity to hold the water and volatile 
oil. A single tea candle was placed under the 

25 suspended dish to evaporate the water and tea tr.ee 
oil. Large oil burners were used in the remaining 
tests completed in 28m 3 test rooms. These were also 
ceramic and had a large dish with a 35ml capacity and 
were wider in the base so that three tea candles could 

30 be placed under the dish to evaporate this larger 

amount of liquid more efficiently. The tea tree oil 
was always floated on water in the oil burners as this 
regulated the temperature and enabled a controlled 
release rate of the tea tree oil. 

35 Two large oil burners were used in most of the 

room tests f as this was a much larger volume over 
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which to deliver the water and tea tree oil. Two 
large oil burners contained in total 65ml of deionised 
water and where specified, 5ml of the tea tree oil. 
This was not a .direct translation of the small booth 
5 tests as it was found that this would have been 

unrealistic (336ml water and 4 4.8ml test chemical). 
They were placed in the rooms and the candles burnt 
until all of the liquid had evaporated. Tests were 
completed with tea tree oil. Controls were conducted 

10 with deionised water alone in the oil burners. To 
quantify any effect due to the candles, tests were 
conducted with 6 tea candies alone. One test was also 
completed with a small oil burner containing 6ml of 
water and 800/Zl of tea tree oil, so that a comparison 

15 could be made with the small booth tests. 

The results are given in Figure 11 
There was a significant reduction of the allergen 
content of the dust, after exposure to the tea tree 
oil. 



20 
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CLAIMS ; 

1. A method of deactivating a Der-p and /or 
Der-f allergen which comprises volatilizing into a 

5 space to be treated a deactivating amount of a 

volatile oil selected from cajeput oil (tea tree oil) 
or an oil comprising one or more terpene hydrocarbons. 

2. A method as claimed in claim 1 wherein the 
10 volatile oil is heated in order to volatilise it into 

the air. 

3. A method as claimed in claim 1 wherein the 
volatile oil is volatilised into the air by 

15 ventilation of a source of the volatile oil with an 
ion wind. 

4 . A method as claimed in claim 1 wherein the 
volatile oil is volatilized into the air from an 

20 ultra-sonic jet nebuliser. 

5. A method as claimed in claim 2 or claim 3 
wherein the source of volatile oil comprises a, wick 
dipped into a reservoir of the volatile oil. 

25 

6. A method as claimed in any one of. the 
preceding claims wherein the volatile oil is provided 
as a waters in^oil emulsion containing up to 5% by 
weight of the volatile oil. 

30 

7. A method as claimed in claim 1 wherein the 
volatile oil is incorporated into a candle which is 
burnt in the space to be treated. 

35 8. A method as claimed in claim 7 wherein the 

candle which is burnt comprises at least 2% by weight 
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of the volatile oil. 

9. A method as claimed in claim 8 Wherein the 
candle comprises at least 10% by weight of the 
volatile oil. 

10 . A method as claimed in any one of claims 7 
to 9 wherein the candle is burnt for 2 hours or more. 

11 . A. method as claimed in any one of the 
preceding claims wherein the oil comprising one or 
more terpene hydrocarbons is a pinol. 
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Fig.7. 
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Fig.11. 
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